Introduction
Although it has a low morbidity rate, pancreatic cancer (PC) is one of the most fatal malignant tumor types, with the highest mortality rate worldwide (1) . Nearly all patients with PC succumb to the disease within 1-2 years (2). Following pancreaticoduodenectomy (Whipple procedure), the 5-year survival rate is 25-30% for node-negative (3) and 10% for node-positive (4) diseases. The majority of patients are diagnosed at an advanced stage, owing to a lack of effective diagnostic techniques for PC diagnosis at the early stages of disease (5) . The traditional tumor serum markers, carcinoembryonic antigen and carbohydrate antigen 19-9, are neither sensitive nor specific for screening patients with PC (6, 7) . A number of environmental factors, including alcohol consumption, smoking history, body mass index, diabetes history and family history of PC have been demonstrated to be high-risk factors for PC (8, 9) . However, certain individuals exposed to these risk factors do not develop PC, which suggests that genetic factors may also influence cancer progression.
The xeroderma pigmentosum group C (XPC) gene is located at chromosome 3p25 (10) ; it contains 16 exons and 15 introns, and encodes a protein of 940 amino acids (11) . The encoded protein is an indispensable component in the early stages of global genome nucleotide excision repair (NER), particularly in the damage recognition and initiation of NER (12) ; it is involved in initiating protein complex formation and repair of these complexes (13, 14) . There are >687 single nucleotide polymorphisms (SNPs) in the XPC gene, with >100 SNPs in the coding regions (http://www. ncbi.nlm.nih.gov/projects/SNP). However, to date, only a small number of correlation analysis studies have focused on XPC polymorphisms and PC risk. There are three polymorphisms most frequently detected in the XPC gene: poly AT insertion/deletion on intron 9 (PAT), A to C substitution in exon 15 (Lys939Gln, rs2228001) and C to T substitution in exon 9 (Ala499Val, rs2228000). The PAT polymorphism has been demonstrated to confer an increased risk of PC (15,16);
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Materials and methods
Study subjects. A total of 205 patients with PC, with an age range between 24 and 87 years (mean age, 63.69±11.40 years), who were treated at The Affiliated Cancer Hospital and The First Affiliated Hospital of Xinjiang Medical University (Urumqi, Xinjiang, China) between December 2007 and December 2015 were enrolled in the present study. All patients had pathologically proven PC. Among these patients, 131 cases underwent pancreaticoduodenectomy, 19 cases underwent iodine-125 seed implantation and palliative surgery (biopsy obtained during surgery), 51 cases underwent distal (combined with the spleen) pancreatectomy and 4 cases underwent fine-needle aspiration biopsy under computed tomography scan guidance.
In addition, a total of 230 non-cancer subjects, with an age range between 26 and 88 years (mean age, 63.69±11.86 years), who were admitted to The First Affiliated Hospital of Xinjiang Medical University during the same period, were recruited as a control group. These subjects had no previous history of pancreatic disease and had not been diagnosed with any malignant cancer.
All subjects recruited to this study signed informed consent forms and the study protocol was approved by the Ethical Committee of The First Affiliated Hospital of Xinjiang Medical University.
'Drinking' was defined as consuming alcohol more than once a week, continuously over a 6-month period in a lifetime. 'Smoking' was defined as accumulative smoking of >100 cigarettes in a lifetime. The accumulative smoking amount (packets/year) indicated the smoking status according to the following formula: Accumulative smoking amount (packets/year)=mean number of cigarettes per day/20 times the number of years of smoking. The median of the accumulative smoking amount was used as the cut-off point to define mild and heavy smokers (20) .
Blood collection and DNA extraction. Peripheral blood (3 ml) was collected from each participant, placed in an EDTA tube and stored at -80˚C within 30 min. Genomic DNA was extracted from blood samples using a DNA blood extraction kit (BioTeke, Beijing, China) according to the manufacturer's protocol.
SNP selection and genotyping. SNPs were selected from the HapMap database (https://www.genome.gov/10001688/international-hapmap-project/ HapMap Data Rel 24/Phase II, Nov08, on NCBI B36 assembly, dbSNP b126), which provided the genotype data collected from Han Chinese individuals living in Beijing. SNPs in the XPC gene were selected by combined analysis of functional SNPs and tag-SNPs from the dbSNP (http://www.ncbi.nlm.nih.gov/SNP/) and HapMap databases. The minor allele frequencies were >5%, and the linkage disequilibrium (LD) coefficient r 2 values were >0.8. A total of 7 tag-SNPs were located, 2 of which were in the 5'-untranslated region (5'UTR) (rs2607775 and rs3731055), 3 of which were in introns (intron 5, rs3729587; intron 6, rs3731114; and intron 12, rs2470353) and another 2 of which were in exons (exon 9, rs2228000; and exon 15, rs2228001).
The 7 SNPs were detected using a SNaPshot assay (Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA) with PCR primers designed with Primer 5 software (21) The primers of the SNPs were as follows: rs2228001 forward, 5'-CTG TAG TGG GGC AGC AGC AAC T-3' and reverse, 5'-AGA GGA GGG GAC CAG CTC TCA A-3'; rs2470353 forward, 5'-TGC TGG GCA GGA AGA GGT ACA C-3 and reverse, 5'-GAC CTG GGC CTG TTT GGC TAC T-3'; rs2228000 forward, 5'-CCC ACT TTT CCT CCT GCT CAC A-3' and reverse, 5'-AGG ACA AAG GCT GGG TCC AAG A-3'; rs3731114 forward, 5'-ACC CGC CTG CCT CTG TCC TA-3' and reverse, 5'-TGC CAG ACT GGT GGG GAG AC-3'; rs3729587 forward, 5'-GAA ACT TGC CAT GGC CAC AGA G-3' and reverse, 5'-AAG GGG TCC ATG AGG ACA CAC A-3'; rs2607775 forward, 5'-GTT TCC GAG CCA TGT TGC TTG T-3' and reverse, 5'-CTT TCC TGC TTC CCG CAG TTT T-3'; and rs3731055 forward, 5'-TCC GGA GAT TGA CGT TGC TCT T-3' and reverse 5'-CTC AGG GCC TAC GGC AAA ATT C-3'. Results were analyzed using GeneMapper 4.0 software (Applied Biosystems; Thermo Fisher Scientific, Inc.). For quality control, genotyping was performed in a double-blinded manner with 5% randomly duplicated samples. Hence, reproducibility was 100%.
Bioinformatics analysis. The functions of the XPC SNPs were predicted using the SNPinfo Web Server (https://snpinfo.niehs.nih.gov/). XPC expression and survival analysis in PC was evaluated using The Cancer Genome Atlas data by the online analysis tool UALCAN (http://ualcan.path.uab.edu/analysis.html) (22) .
Statistical analysis. SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. A goodness-of-fit χ 2 test was used to assess the Hardy-Weinberg equilibrium. Allele frequencies were assessed by χ 2 test. Using unconditional logistic regression with adjustment for age and sex, odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to estimate the relative risks of PC associated with SNP genotypes. HaploView version 4.2 (Broad Institute, Cambridge, MA, USA) was used to generate the LD plot and to assess the association between haplotypes and PC. Comparisons of all variables between cases and control subjects were performed using the online tool on the website http://ualcan.path.uab.edu/. P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical characteristics. The demographic characteristics of subjects and related risk factors are presented in Table I . According to χ 2 tests, no significant differences in age, sex, drinking status, body mass index, diabetes history, smoking history or family history of cancer were identified between the case and control groups (P>0.05). Heavy smokers (tobacco Table I . General characteristics of the pancreatic cancer cases (n=205) and controls (n=230).
Characteristics
Cases, n (%) Controls, n (%) ≥25 packets/year) in the case group accounted for 32.0%, which was a significantly higher value compared with that in the control group (17.5%) (P=0.019).
Association analysis of PC susceptibility. The distribution of allelic gene frequency in the 7 tag-SNP loci conformed to the Hardy-Weinberg equilibrium in the case and control groups (P>0.05; Table II ). The C allelic gene frequency of rs2470353 in patients with pathologically proven PC was significantly increased compared with that in the control group (P=0.003). Compared with the GG gene type, PC risk was significantly increased in subjects with the variant allele C (GC and GC+CC; P=0.012 and P=0.006, respectively). The G allelic gene frequency of rs2607775 was significantly increased in patients with PC compared with that in the control group (P=0.003). Compared with the CC gene type, PC risk was significantly increased in subjects with the variant allele G (CG and CG+GG; P=0.013 and P=0.005; Table III ). The distribution of gene type and allelic gene frequency in the other 5 tag-SNP loci were not significantly different between the case and control groups (P>0.05; Tables II and III) .
Function prediction and expression analysis. The XPC SNP functions were predicted using the SNPinfo Web Server (https://snpinfo.niehs.nih.gov/). rs2470353 was identified to be located in the region of intron 12, but was not predicted to be a functional SNP. rs2607775 was located in the transcription factor binding site (TFBS) of the 5'UTR of XPC. Therefore, rs2607775 was predicted to influence XPC expression.
Since only blood samples were collected in the present study, XPC expression in pancreatic adenocarcinoma (PAAD) was analyzed using the online tool UALCAN (http://ualcan.path. uab.edu/analysis.html) (22) . XPC expression was decreased in PAAD patients (P>0.05; Fig. 1A ) irrespective of sex (Fig. 1B) , age (Fig. 1C), cancer stage (Fig. 1D), drinking habit (Fig. 1E) , chronic pancreatitis status (Fig. 1F), diabetes status (Fig. 1G) and ethnicity (Fig. 1H) , with few exceptions. Notably, XPC expression was demonstrated to be significantly decreased in Asian patients with PAAD (P=0.02; Fig. 1H ). Although a general trend of decreased XPC expression was observed in patients with PAAD, the majority of these differences were not statistically significant, potentially due to the small number of control samples (n=4) and the inevitably large individual differences in expression.
LD and haplotype association analysis. In Fig. 2 , the range of the area surrounded by black lines indicates that 3 tag-SNPs of the XPC gene were contained in a haplotype and in a state of linkage disequilibrium. Block 1 comprised rs2228000, rs3731114 and rs3729587 (Fig. 2) . The frequencies of the haplotypes CCC and TCG were higher in patients with cancer compared with those in the non-cancer controls, and the CCC haplotype for Block 1 significantly increased the risk of PC (OR, 1.610; 95% CI, 1.035-2.481; P=0.034; Table IV) . Table II . Characteristics of the 7 tag-SNPs in the XPC gene. 
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Discussion
Previous studies have reported XPC polymorphisms to be associated with cancer risk. There are three polymorphisms most frequently detected in the XPC gene: Poly AT insertion/deletion on intron 9 (PAT), A to C substitution in exon 15 (Lys939Gln, rs2228001) and C to T substitution in exon 9 (Ala499Val, rs2228000) (23) . Epidemiological studies have demonstrated that the PAT +/+ genotype results in a 1.85-fold increase in the risk of squamous cell carcinoma of the head and neck (24) and a 1.6-fold increase in the risk of lung cancer (25) . Meta-analysis revealed that the exon 15 Lys939Gln (rs2228001 A>C) C/C gene type is associated with increased risk of lung cancer and esophageal cancer (26, 27) . The XPC Ala499Val (rs2228000, C>T) polymorphism is associated with the risk of endometrial, colorectal and liver cancer, as well as other malignant cancer types (28) (29) (30) . However, the association between other XPC polymorphisms and bladder cancer remains controversial (31) (32) (33) .
In the present study, the associations between genetic polymorphisms of XPC and PC risk were investigated using a tag-SNP method. The results revealed that variant alleles Table III . Association between polymorphisms of XPC genes and pancreatic cancer. Logistic regression at two loci were associated with increased PC risk, even though the rs2470353 locus was located in the intron area and the rs2607775 locus was located in the 5'UTR (P<0.05). The other five tag-SNP loci, including in exon 9 (rs2228000) and exon 15 (rs222800), did not exhibit significant differences in the distribution of gene type or allelic gene frequency between the case and control groups (P>0.05; Tables III and IV) .
G/C polymorphisms at or near the exonic boundaries in intron 12 of the XPC gene may affect mRNA translation through exon skipping and/or aberrant mRNA folding (34) (35) (36) (37) . SNPs in the 5'UTR may affect XPC gene expression via promoter modulation (34), resulting in reduced DNA repair capacity (DRC) and increased risk of PC. Unfortunately, although rs2470353 is located in the region of intron 12, it is not a predicted functional SNP. rs2607775 is located on the TFBS of the 5'UTR of XPC, and is therefore predicted to influence XPC expression (38, 39) . Furthermore, XPC expression in PAAD was analyzed using UALCAN (22) in the present study. XPC expression was identified to be decreased in patients with PAAD irrespective of sex, age, cancer stage, drinking habits, chronic pancreatitis status, diabetes status, or race, with few exceptions. The most notable finding was that XPC expression was decreased significantly in Asian patients with PAAD. However, due to the small number of normal control samples, the majority of these differences were not statistically significant.
SNPs in coding regions, as well as non-coding regions of the XPC gene, that are in LD with each other as part of a given haplotype may act in a collective manner to influence the phenotype. The results of the present study revealed that the CCC haplotype of rs2228000, rs3731114 and rs3729587 exhibited a higher frequency in patients with PC, compared with that in the control group, indicating that the CCC haplotype may result in an increased risk of PC. However, the exact mechanism of this remains unclear.
Smoking is recognized as a traditional risk factor for PC (9, 40) . The present study also revealed that smoking in the XPC rs2470353 (GC+CC) and/or rs2607775 (CG+GG) subjects significantly increased PC risk. In subjects with an accumulative smoking amount of ≥25 packets/year, PC risk increased 3.505-fold with rs2470353 (GC+CC) (OR, 4.505; 95% CI, 1.418-15.007; P=0.008) and 3.950-fold with rs2607775 (CG+GG) (OR, 4.950; 95% CI, 1.758-13.924; P=0.001), indicating that the combination of mutations and smoking may serve an important role in PC progression. Smoking causes genetic damage and/or cell mutations (41) that may not be repaired by the NER pathway (13, 14) , since genetic damage may not be recognized by XPC with the rs2470353 (GC+CC) and/or rs2607775 (CG+GG) mutant gene type.
The present study has initially indicated that the XPC gene rs2470353 and rs2607775 loci polymorphisms are associated with PC risk. The haplotype CCC of rs2228000, rs3731114 and rs3729587 was also identified to be associated with increased PC risk. However, additional SNP loci have been continuously selected for future study, particularly the functional loci of the exon regions and loci at splicing regions. In addition, the chromosome hereditary variation of the XPC gene and its association with PC could be further verified by transcription analysis, in order to evaluate the effects on regulation and splicing of the XPC gene.
